Objective: Overnight fasting blood plasma insulin-like growth factor-I (IGF-I), insulin-like growth factor binding protein-1 (IGFBP-1), coenzyme Q10, (CoQ) vitamin E and plasma lipids were compared between a seminomadic Samburu population and relatively urbanized cohorts from Nairobi, Kenya. Research design and methods: 143 middle aged subjects without known diabetes were included. IGF-I and IGFBP-1 were analyzed by RIA, and CoQ and vitamin E by HPLC. Plasma lipid levels were analyzed by standard laboratory methods routinely used in the clinics. Results: The age adjusted IGF-I serum levels were low in the Samburu male and female populations, ranging from 0 to −4 IGFSD-score (SDS), and a minor part of the investigated population reaching as low as −5 and −7 SDS. The Nairobi cohorts showed significantly higher values reaching from −2.5 to +1 SDS (Pb 0.0001). The nomadic Samburu population showed fasting IGFBP-1 values ranging from 30-100 μg/l, while that of the urbanized Nairobi cohorts was considerably lower (25-60 μg/l) (Pb 0.0001). CoQ concentrations of the Nairobi cohorts were 1.5-2.0 nmol/ml similar to the levels found in several European countries. The Samburu population on the other hand showed extremely high CoQ values ranging from 2 to 9 nmol/ml (Pb 0.0001). Vitamin E levels of the Nairobi group were low (5-20 nmol/ml), but the Samburu population had even lower levels ranging from 3 to 15 nmol/ml (Pb 0.0001). Plasma lipid levels such as cholesterol, triglycerides, LDL/HDL, ApoB/ApoA ratios as well as BMI and weight were significantly higher in the Nairobi population (Pb 0.0001). Conclusions: Low IGF-I and high IGFBP-1 levels of the Samburu cohorts indicate malnutrition. High lipid levels of the Nairobi cohorts indicate that these groups have several risk factors for cardiovascular diseases and diabetes type2.
Introduction
Infections and nutritional deficiency related disorders predominate in populations of the developing countries. In the middle income countries, however, as nutritional situation improves and sedentary life style becomes more common, the infectious diseases are reduced and cardiovascular diseases are increasing. According to The World Health Organization Report 1999, non-communicable diseases and cardiovascular diseases are increasing in the middle income countries [1] . The high incidences of cardiovascular diseases, obesity, diabetes, dyslipidemia and hypertension in the developing countries are linked by common lifestyle determinants such as diet, physical activity, as well as alcohol and tobacco consumptions [1] . The IGF system plays a significant role in normal growth and development as well as in several major diseases and pathologic states such as diabetes and cancer [2, 3] . IGF-I is a peptide hormone mainly produced in the liver and its activity is regulated by IGFBP-1. IGFBP-1 facilitates the transport of IGF-I from plasma to tissues thus increasing the bioavailability and activity of IGF-I in the target tissues, but it may also have independent effects through interactions with cell surface molecules [4] . IGFBP-1 is an important determinant of IGF-I activity. IGFBP-1is highly dependent on insulin concentrations and is found in higher concentrations in the serum during fasting and early mornings [5] . High levels of insulin are associated with low IGFBP-1 concentrations, and low levels of circulating IGFBP-1 are associated with the typical characteristics of metabolic syndromes such as insulin resistance, obesity and the development of cardiovascular diseases [2, 6] . Serum levels of IGFBP-1 vary considerably in healthy individuals, 64% of which is attributed to non-genetic factors such as dietary and other environmental factors. On the other hand, IGF-I variations in healthy individuals could be ascribed to non-genetic factors by 35% [7] .
Genetic and environmental factors independently determine the levels of coenzyme Q10 (CoQ), while the other major lipid soluble antioxidant, vitamin E originates from the diet. We have previously analyzed these substances in healthy females from three European countries with different nutritional habits. Significant differences in the IGF and antioxidant contents between the populations were observed [8] . CoQ and vitamin E are the main lipid-soluble antioxidants in the body involved in the protective mechanisms of neutralizing free radicals and reactive oxygen species that are present in the cells in abundance, not only as a result of toxic reagents from our environment, but also as a product of catabolic reactions under normal conditions [9] . Vitamin E is also important in a number of other metabolic functions such as stimulating the immune response, modulating protein kinase C and counteracting the conversion of nitrates to nitrosamines [10, 11] . CoQ is a member of the mitochondrial respiratory chain, modulates the function of uncoupling proteins, regulates the mitochondrial permeability transition pool and activates the immune response of the monocytes [9] .
The aim of this study was to explore and establish the association of the IGF-system and lipid-soluble antioxidants to the lifestyle of different ethnic groups and populations in the Southern hemisphere in order to find connections to the increasing number of pathological conditions such as the metabolic syndrome and cardiovascular diseases.
Materials and methods

Study populations
The population in this study was composed of 143 healthy individuals 30-60 years of age from two different regions in Kenya, an urban population from Nairobi and a semi-nomadic rural population from the district of Samburu in north central Kenya. The cohorts were composed of sixty nine individuals from Samburu (42 females and 27 males) and sixty seven from Nairobi (30 females and 37 males). The participants were healthy (self-reported) and not taking any medications. The protocol was approved by the ethical committee of the country. Age, weight and height were recorded for every participant and blood samples, 10 ml from each were collected in appropriate tubes after an overnight fasting. The samples were subsequently centrifuged at 2000 rpm for 5 min. The isolated plasma was immediately frozen at −20°C and later shipped on dry ice for analysis.
Inclusion and exclusion criteria
Subjects were eligible if they were between the ages of 30 to 60 years. Presentation of an identity card or passport was used to determine the age of subjects. Since among the Samburu, many were illiterate and did not know their age, the local field assistants estimated the age of the individuals by their groups or period in time when they underwent rites of passage like circumcision. Subjects were eligible if they had been residents in either area for five years prior to the start of the study for at least 90% of the time. Any history of pharmacological therapy for a cardiovascular disease, dyslipidemia, diabetes, recent infection, pregnancy as well as tobacco smoking within the past 12 months rendered the subjects ineligible.
IGF-I and IGFBP-1 analysis
IGF-I was analyzed by an in-house RIA after separating IGFs from IGFBPs by acid ethanol extraction and crayon-precipitation. To minimize interference of remaining IGFBPs, des (1-3) IGF-I tracer was used as radio-ligand [12] . The intra-and inter-assay coefficients of variation were 4% and 11%, respectively. Since serum levels of IGF-I are age dependent, and decrease with age, the IGF-I values were expressed as SD scores calculated from the age adjusted regression of the values of Swedish subjects with a total of 122 individuals between 20 and 60 years old, the gender distribution was 58 men and 64 women [13] .
22% was in the third, 27% in the fourth, 30% in the fifth and 21% in the sixth decade of life.
The IGFBP-1 levels were measured by an in-house RIA according to the method of Póva et al. [14] . In each assay 50 μl plasma was incubated with antibody, and 10,000 cpm 125 I-npIGFBP-1 in a final volume of 300 μl in Tris-HCl assay buffer containing 1% bovine serum albumin. After overnight incubation at 4°C, bound counts were separated with goat anti-rabbit (SacCel, Boldon, England). The sensitivity of the RIA was 3 μg/l and the intra-and inter-assay coefficients of variation were 3% and 10%, respectively.
HPLC analysis of CoQ and vitamin E
Vitamin E and CoQ were extracted from the samples according to Bentinger et al. [15] with some modifications. Plasma was thawed at room temperature and briefly centrifuged to sediment cell debris. 0.25 ml plasma plus 0.25 ml H 2 O was mixed with 3 ml methanol and an internal standard of 0.5 nmol CoQ6 and 5 nmol Δ-tocopherol was added. The mixture was briefly vortexed and 1.2 ml petroleum-ether was added and shaken by hand for about 15 s. Finally, phase separation was attained by adding 2 ml methanol and 1.8 ml petroleum-ether and shaken again for another 15 s. Samples were then centrifuged for 2 min and the upper phase of petroleum ether was transferred to a new tube. The rest was re-extracted with 3 ml petroleum ether. Both upper phases were pooled and the sample was dried under a gentle stream of nitrogen and finally dissolved in chloroform: methanol (2:1) and analyzed by HPLC. HPLC analyses were performed on a Shimadzu (LC-10AD) using a Hypersil ODS 4.6 × 60 mm, 3.5 μm, C18 (Agilent Technologies) reversed-phase column with a Zorbax SB-C8 4.6 × 30 mm, 3.5 μm (Agilent Technologies) guard column. A linear gradient was used from the initial methanol/water, 9:1, in pump system A to methanol/2-propanol/hexane, 2:1:1, in pump system B, at a flow rate of 1.5 ml/min and with a program time of 30 min. Absorbance was monitored at 275 and 292 nm [16] .
Lipid analysis
Total cholesterol concentrations were determined by spectrophotometer according to Allain CC et al. [17] . ApoA and ApoB were determined as described elsewhere [18] . HDL, LDL and triglyceride measurements were performed according to established methods described previously [19, 20] .
Statistical analysis
All results are expressed as mean values and within 95% confidence interval (CI). To evaluate whether there is any evidence that the means of the populations differ when comparing differences between females and males of the two population groups, one-way ANOVA was used. This was followed by Tukey's multiple comparison when there was difference between group means. Spearman (nonparametric) was applied for the correlation analyses and when comparing the two populations, student's t-test was used.
Results
IGF-I and IGFBP-1
In order to verify whether the age dependent decline of IGF-I also applies to the Kenyan population, correlation of age to IGF-I expressed in μg/l is shown in Fig. 1 , (Pb 0.0001 and r= −0.56) for the Samburu population and (Pb 0.0001and r= −0.48) for the Nairobi cohorts. Clearly, there exists age related decline of IGF-I in the Kenyan population. The IGF-I levels of the Samburu cohorts expressed as SDS are shown in Fig. 2A . Both the male and female populations show values ranging from −1 to −5 SD-score. The Nairobi group (Fig. 2B ) however, showed an SDS distribution of +1 to −2 which is significantly higher (Pb 0.0001) than the Samburu cohorts and considered closer to the normal distribution values (0 SDS) as compared to the samples from Samburu. In the Samburu population, the IGFBP-1 values exhibited a broad range of distribution mainly from 10 -110 μg/l but some individuals had values exceeding 120 μg/l (Fig. 2C) for both male and female groups. Most of the Nairobi cohorts have low IGFBP-1 concentrations ranging from 10 to 50 μg/l (Fig. 2D) . IGF-I mean values were lower (Pb 0.0001) in the Samburu populations of both genders than the Nairobi cohorts. However, IGFBP-1 mean values were higher (Pb 0.0001) than that of the Nairobi cohorts (Table 2) .
CoQ and vitamin E
The CoQ values were extremely high in the Samburu population ranging from 2 to 9 nmol/ml (Fig. 3A) , while those of the urban population from Nairobi (1-2 nmol/ml) (Fig. 3B ) are comparable to that published previously in a European population, with around 1-2 nmol/ml [8] . It should be noted that the two populations had relatively similar age distribution, as CoQ values are known to decrease during aging.
The rural population of Samburu, both female and male shows very low vitamin E levels ranging from 1 to 10 nmol/ml (Fig. 3C) , while the Nairobi cohorts show higher levels (10-20 nmol/ml, P b 0.0001) (Fig. 3D ) but significantly lower (Pb 0.0001) compared to the values observed in previous measurements of European populations, ranging between 20 and 40 nmol/ml. The Nairobi cohorts had lower mean values of CoQ and higher vitamin E mean values than the Samburu population, ( Table 2) .
LDL and HDL
The HDL values of both populations were in the range of 1-2 mmol/l (Fig. 4A ). There was a significant difference in HDL amount between the Samburu and Nairobi populations with the Nairobi cohorts having lower amounts (Pb 0.0005) ( Table 1) . LDL concentrations were between 1.5 and 3.5 mmol/l in the Samburu population and between 1.5-4.5 mmol/l in the Nairobi groups (Fig. 4B) . A significant difference is shown between the two populations, with the Samburu having lower levels compared to that of the Nairobi cohorts (Pb 0.0068) ( Table 1 ). The percentage distribution of LDL values higher than 3 mmol/l was 30% and 39% (Pb 0.0001) for the females and 7% (Pb 0.05) and 32% (Pb 0.0001) for the males, from the Samburu and Nairobi groups respectively (not shown). We also calculated the LDL/ HDL ratio ( Fig. 4C and Table 1 ) as this is a predictor of coronary plaque formation and cardiovascular diseases. In the Samburu cohorts, the values were spread between ratios 1 and 3 for both the male and female groups. The ratios for the Nairobi groups varied from 1 to 4.5, while the Samburu values for LDL/HDL ratio were significantly lower, (Pb 0.0001). Only 3% (Pb 0.05) of the Samburu population had LDL/HDL ratio above 3, while in the Nairobi population, 23% (Pb 0.0001) had LDL/HDL ratio exceeding 3 (not shown).
Apo A and Apo B
The ApoA levels were in the range of 1.5-3 g/l for all population groups without gender preferences (Fig. 5A) . However, the mean values were significantly higher in the Samburu population (pb 0.0001). Likewise the ApoB values (Fig. 5B) were between 1 and 1.5 g/l in all groups = Samburu, r = -0.56, p < 0.0001 = Nairobi, r = -0.48, p < 0.0001 with significant differences between Samburu and Nairobi with the latter having higher values (pb 0.0022). The ApoB/ApoA ratio has been known to be associated with metabolic syndrome and insulin resistance and was therefore calculated (Fig. 5C and Table 1 ). The majority of the Samburu and Nairobi populations, both males and females had a distribution ratio of 0.5-0.75 with some (Pb 0.0001) of the Nairobi females reaching up to ratio 1. Calculated in percent, 27% (Pb 0.0001) of the males and 15% (Pb 0.0001) of the females in Samburu had ratios exceeding 0.5. Ratios exceeding 0.5 are considered as indicators of insulin resistance. In the Nairobi group, 31% (Pb 0.0001) of the females and 60% (Pb 0.0001) of the males had ApoB/ApoA ratio exceeding 0.5 (not shown). The ApoB/ApoA ratio correlation to IGFBP-1concentrations is shown in (Fig. 5D ), r = −0.34 and p b 0.0001. older than those of Nairobi males (38.5±6.74, years) (Fig. 6A, B and Table 1 ). Table 2 , hormone and antioxidant levels of both Kenyan cohorts are shown, and for comparison the Swedish values as representative for the European population, are also included.
Total cholesterol and triglycerides
Total cholesterol levels in the majority of the individuals were between 4 and 5 mmol/l (Table 1 ). This value is considered to be the upper limit in a European population. A significant amount of the females, 27% of the Samburu and 37% of the Nairobi had cholesterol concentrations exceeding 5 mmol/l (P b 0.0001), while for the male population it was lower, 7% (not significant) and 22% (P b 0.0001) respectively. The triglyceride levels of the Samburu female and male cohorts were significantly lower (P b 0.0002) than their Nairobi counterparts. Overall, the Samburu groups had values ranging between 1 and 2 mmol/l while those of the Nairobi had values between 1 and 3 mmol/l (Table 1 ). In the Samburu population the percentage of Table 1 Clinical characteristics and physical features of the two populations, both females and males. Results are expressed as mean values ± SD; ns = not significant; P(S) and P(N)= P-values when comparing females against males for both (S) Samburu and (N) Nairobi cohorts respectively; All(S) and All(N) = mean value of all participants in the (S) Samburu and (N) Nairobi groups respectively; P(All) = P-values comparing the Samburu with the Nairobi groups. males and females with triglyceride levels exceeding 1.8 mmol/l was 11% and 12% respectively (P b 0.0001). The percentage was considerably higher for both Nairobi groups reaching as high as 21% for females and 51% for the males (P b 0.0001). CoQ, while plasma levels of the lipid soluble antioxidant vitamin E are dependent on the nutritional status of the individual. We have previously analyzed these lipids in three European countries with different economic and nutritional habits where a significant difference in the IGF and antioxidant distribution between the populations was observed reflecting on how lifestyle and environmental factors affect these components. In this study we have investigated healthy female and male cohorts from two different regions of Kenya: an urban population from Nairobi and a rural population from the district of Samburu in north central Kenya. In the urban population of Nairobi, most of both genders have low amounts of IGFBP-1 indicating higher risk of developing insulin resistance and type 2 diabetes mellitus [4, 11] . In addition these cohorts also have high cholesterol, triglycerides and LDL serum levels which are indicators of the risk of cardiovascular diseases and insulin resistance. In a recent study conducted on Asian Indian population, circulating IGFBP-1 amount was significantly lower in subjects who had insulin resistance compared with those without insulin resistance [21] . Subjects with diabetes mellitus had significantly lower IGFBP-1 levels when compared to those with normal glucose tolerance but with insulin resistance. The same study also shows that circulating IGFBP-1 levels decreased with increasing number of metabolic abnormalities which also seems to be the case in our study. However, a positive correlation between circulating IGFBP-1 levels and intimamedia thickness was shown in a multivariate analyses study conducted on Caucasian men (with Apolipoprotein E3/E3 genotype) from the northern parts of the County of Stockholm [22] . Furthermore, there have been contradictory reports regarding IGFBP-1 and mortality. While, one report concluded that high serum IGFBP-1 concentration was related to increased risk for cardiovascular mortality irrespective of impaired glucose tolerance or diabetes [23] , another study conducted on elderly men and women reports that low serum IGFBP-1 concentration was an independent risk factor for ischaemic heart disease and mortality [24] . In another cross-sectional population-based screening study that included 664 non-diabetic subjects aged 40-59, 12.6% of those with IGFBP-1 values less than 24 μg/l had developed type 2 diabetes, while the incidence was only 1.5% for those who had more than 59 μg/l [7] . Clearly, low levels of circulating IGFBP-1 are a marker of the metabolic syndrome and predict diabetes development [25] [26] [27] [28] . The relatively higher serum lipids in the urban cohorts from Nairobi indicate that these populations have a higher risk for developing cardiovascular diseases and/or diabetes. The urban cohort of Nairobi is believed to have an increased dietary intake of carbohydrates and fats which could be one of the explanations for the low circulating IGFBP-1 levels in those groups. The low IGF-I and high IGFBP-1 levels in the plasma of the rural Samburu population indicate malnutrition and/or caloric restrictions compared to the relatively urbanized population of Nairobi which has near to normal IGF-I levels. However, malnutrition alone does not explain the low IGF-I status of the Samburu population since those groups were slightly taller than the urban cohorts, indicating that the reason for the low IGF-I levels is due to a reduced synthesis in the liver caused by genetic factors, protein deficiency or reduced insulin sensitivity. In fact this phenomenon has been observed in a study where Italian children aged 0.5-8 years were compared with children of the same age from the West African nation of Ivory Coast [29] . Vitamin E derives from the diet, but its level in the blood is not dependent on the immediate dietary uptake since it is readily distributed by the liver into all parts of the body including the circulation where equilibrium is reached [30] . Vitamin E levels in the Samburu cohorts, both female and male are extremely low, about one third of the values published in European cohorts which are considered normal. This is apparently due to low consumption of vegetables which are good sources of vitamin E. In a number of individuals the amount was below 1 nmol/ml and in some it was not even detectable. It is possible that lipid mal-absorption or low lipid intake as well as defects in the lipid transporting proteins could contribute to the deficiency. On the other hand, the persons participating considered themselves healthy which may not support malfunctioning status. The vitamin E level of the Nairobi cohorts was in the lower normal range as compared to Polish and Swedish healthy female cohorts published earlier [8] . CoQ is the only endogenously synthesized lipid soluble antioxidant and despite the difference of their origin, it has been reported that CoQ and vitamin E increase and decrease simultaneously in most conditions [31] .
Discussion
In this study however, we report opposing concentration of these lipids, especially in the Samburu cohorts where the very low vitamin E levels are contrasted by the extremely high CoQ levels. It appears that the high CoQ level seen in this group could be a compensatory mechanism for the low vitamin E levels. Higher HDL and lower LDL and triglycerides in the Samburu cohort can be explained by the non-sedentary lifestyles of those populations [32] . 
